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^(over etch)^-°.S*l #7] ^-^H 7l^ i^HA-p} ^ 

*M ^ 54 tt ^>^1 ^7}£] ^^av^oi 7flAl^n}. 

£ 6 

[AjlOlO^] 



16-2 



1020030047117 



M ^*}: 2003/10/14 



tLrJE.*)] ^-^^^ {Method for forming a metal line in semiconductor 

device} 



TEM(Transmission Electron Microscope) 'M-^ 0 ]^-. 



10 : tfVE*fl 7}% 

14 : 

18 : ^^.^i/=efl<?l 

22 : <^Zf 

26 : 

30 : SKrlM^f 

34 : i£efl^]^H 4€ 



12 : TflolH ^Vs^-^- 

16 : 7flo]E ^ 

20 : *fll ^#^<£^- 

24 : ^12 f^^ 1 ^ 

28 : ^ 

32 : *1]3 %-l}^.<£^ 

36 : H^l^l 
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38 : ^afl-id 

^-Br 4i7>^ #^tifl>a ^^IH ^1 ^l-ein^ ^tifl 

«V£^1 3*} r^7 r ^ofl ol^A-]^, ^HflA}^ 7)&3,*\ ^<£nV Aj-ofl cy-= D ) 

¥(A1) S^r ^i^CW) =^ ^-o. c^^nVo] AJ-7) £ ^^oVo] ^A o V^ ^^^=L 

sfl^ (photolithography) *3 3l ^^(dry etching) ^-^wfl^i 

f^H JL^*)S]-Sf JL^2}-7} A^Sl^r S^Uogic) 4i^>» ^jiLiiL *JM RC ^-g- #o] 7 ] 
<g:&JLS. ^n]^- ££^r Bj^^j cflAlofl ^(Cu)^ ^ ^-g- Bfl^joS 

^t}. olofl i4s^ > ^ e ( trench)!- -f #7l B31*l7 r nfl^s]£a ^ H) ]^*- ^ 

^r^r 4^ '^R! (damascene)' A}-g-s}zL 91^-. 
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^4 ^>-g-£)^ (single damascened ^ c|-p>a] 



3 (Dual damascene)^ ^Jt cj-nf^O ^£ Hl^(via hole)^: S^fl^S. # 

<is> zls^, $13^141 A>oie( interstitial S i t e)l- ^ ^-AVol nfl-o 

w)]-^7ll H^^I^E^ iSl-^i ^-(saturation current), ^-^ threshold voltage) 

^ ¥*l#fr( leakage current) ^-g- l^l^lfe ^7} ^-^^cf. oj^. o}^ , 
71^-4^ ^#-8: 3th ^ ^lH"^ (metal contact )^<HH ^ n(plug) ii. ^e] ^-^#o] 

t ^Tll ^cf. oJ-eH, dD^-^-eh^- ^ €-^*(contact hole) MH^r #&|rL(W 
plug)7]- nfl^^ 4s CVD(Chemical Mechanical Polishing)^- °l-§-tb ^H:^ ^slt}. 

e^nsq- ^sj ^HH^i 7.H1 7]^ ^oHC^^r °)S. <?}*H ^o] 

7l7fl ^cf. c^o] Hfl^.g- H^oj Sr^-^l^-^H^dine-end-shorting)^ ^tr ^4 30nm 
o]^r2] t^-^-al^ ^.i^eflo] p>*l(overlay margin)^ -HiJ^tf^, 0.13/im 3]3.^5.7l 
( techno logyHH^ ^A) ^ ^Tfl ^cf. 
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am. 



<17> ^"^^ ^^ofl 4=^, i^o} uV^^j ti>£^] 71^- ^Vofl ^1 ^ 

^M^, ^ ^12 f^S^^M ^3^r ^^l^, ^^*-§- ^ 

n ^ ^13 f^^^M ^TflS]-, ^ oj-g-^V ^lz^ 

B3Ul7> ^3^r ^1^, ^"71 m^l^l7> nfl ^ ^Hfl^ol ^s)^ T&jfl* J£ 

«-*Rr te^l 4iX>^ ^«cH^l 

°]*HH 7flA}£l^ ^A)^)<H) ?H ^Hl- ^3. Cf^- Cfoj:^- ^EflS. ^€ 
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S##(^l£Al)ol ay£^ 71^(10)^1 ^fl^^cf. o]^^, ^£ ^-M^r ^ojH # 

5^(12), $e^el-SBV(14) ^ -g.^ ^^^^(^^^ Bj^^l ^a)A>olcf, ; n]£Al)ol £ 
^ ^ sfl^3<H TflolB ^^-(16)^1 ^€4. ^^"(16)^ <#^« 

LDDCLightly Doped Drain) i3)l°H7} ^H*!, ^^.^/^eflo] ol^oi^-g- 

?1HH ^^-(16)^ ^o.S. ^#£)^r «KE*ll 71^(10)^1^ ^^.i/£L efl^ ^^(18) 
°1 ^^4. o]^, TflolH ^^-(16) ^ ^^.^/=El)o] ^^(i 8 )^- ifs}^ H^^l^Ei7> 

^-71 S^^iE-]7> ^, #31 ^ -SHMISr *fll ^^^(inter layer 

dielectric; 20H ^^4. °H , #7l ^1 ##ai<3^(20)£: Tfloje ^^.( 16) ofl 7 ]9l& & 

#^1?1 ^^-2j.^>7l l^S. ^M^A, BPSGCBoron Phosphorus Silicate Glass), 

PSG(Phosphorus Silicate Glass), USG(Un-doped Silicate Glass) SE^ FSGCFluor inated 
Silicate Glass) f- SE^f- SiO SE^ Si0 2 °fl &± £E^r °] ^o] ^ 

(substitutional) ( interstitial )€ ^AS. ^, Zi 2#7flS. 

CVD-TE0S(Chemical Mechanical Deposition-TEOS) , PECVD-TE0S(Plasma Enhanced CVD-TE0S) ^ 
^s^l ^^^4. °l7H, #7l ^1 #^^^^(20)^- 3000A tfl*l 9000A^ ^?fl 

S «g^tf. o]* i #71 *m 01^(20)^8- CMP -g-^-g: -f-«fl ^ $14. 
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<22> ^-71 *fll %1}*£<£^(20)o] ?§^Q ^ *}X] ^^1^ ^zH^]#(etch stopping 

layer; 22H ^"fl, ^^^^1#(22)-^ SiC, SiN SiON *r 

9X^. <^7}*\, ^7) ^^^1^(22)^ 50A vfl^l 1000A2] f^*}. #7l 

^Zf^*l#(22) ^Hl ^ *fl2 ^(24)^1 #^-^cf. o]nfl ( ^2 %-&Q<&^(24)-& BPSG, 

PSG, USG FSG f- 2^ SiO HL^ Si0 2 °fl ^± HL^ <=Q -f-ol 

2^ ^€ ^<L3. ^^q-. ^71^, ^-71 z\}2 ^^^^"(24)^ 50A 3000AS1 ^v\]3, 

^av^cf. o]^ ( ^-71 Xl2 ^&*d<£^(24)£: CMP **fl ^^Hi ^ 

<23> E 2» t^, #*fl ^ tf^^r 3L£efl*l^H(photoresist)°l Hi(coating) 

^ ^, i£ nj-^a. (photo mask)!- <>l-g-tr ^ ^l^H X]2 

#^^^^"(24)^ <^7> ^^-g- iSe^l^H ^(photoresist 

pattern; ^£^1)0] ^-gt}.. ^ cf^- ; ^>7l sflB}^ ^ p>^5LS oj-g-^V ai 

XI 2 #^^^^(24) , ^4^*1 #(22) ^ XI 1 # 

(26)°1 *§>8^*=r. ojnfl, ^1-7] ai^^aI C x H y F z (x,y,z^ 0 H^r *}-<?§ ^)7>^-I- ^(main) ^ 

A)-§-<5}-ji ; o 2 , N 2 , SF 6 , Ar He ^ 7lXl^^> SE^ ^7>7>^S a> 

-§-*M ^7) ^^^1#(22)^ ^j77> ^^<H1^ C/F ^ 

^ S]E1, ^7>7>i# ^M^lTiq-, C x H y F z °l] V ^ cr^ - z - ^ 7 }.o} wj-ig.g. -g-^ig 
^rf. Al^x)^(22)2f ^^^^^-(20 ^ 24)^ ^AjAjz]-^- cfcfTflS. ol^-317> <5}~b ^ 

-f^lS. -#7HH <i7itr C/F 7"H§^>t}. o]jfL f ^-71 ££sl]7liE ^^0. 
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<24> £ 3i ^S^, 5. 2<*IM €-^*(26)°l ^, wfle)^^j-(barrier;t3l£Al)ol 

#7] m ^^ v #(glue layer) 71^, ^-a}. w 0 V^)f,o. S ^ 7l - o. 

tr4. °H, ^71 *fll nflsH 1 ^ Ta, TaN, TaAIN, TaSiN, TaSi 2 , Ti , TiN, TiSiN, WN, Co ^ 
CoSi 2 ^ <8^£ #§^0.5. ^^5l7lM- ( o)^o) x^s} ^ ol 

cf. ^71 ^-^^-^(DliAl)ol * CMP cfl^H, 

SF 6 /C1 2 /BC1 3 ^ 7}±f ^ e>JL, 0 2 , N 2 , Ar Hl^r He 7>i -o] % 7 }7}2i& o] 

-8"tr ^M^n^, ^ ^Wetchback) #fr|ZL(28)7> ^g^tf. o] ufl f # 

71 #ein(28)^ ^i^l(W), <£^>1^-(A1) SE^ 7)e]- ^l-^JL ^ 

< 25 > £ 41- ^-S^, £ 3<HH ^ #&J 11(28)7]- ^£ ^, ^ JH***| 

^-(30)^>1 ^^eK ^^fl, ^^1^(30)^ Si0N> SiN ^ SiC = cq ^ € 

ojcf. ol^ ; a o v 7 ] SHVhJ-^oKso) A ^lr ^13 ^^^^^(32)ol ^^^cf. o] trfl , Aj- 7 j ^3 ^ 
?Jr^^^-(32)^r BPSG, PSG, USG SE^r FSG ^ SiO SE^r Si0 2 °11 ^-f ^ 1-^, -g- 

i 5E-^ °1 -g-ol ^ D -|AS 

<26> £ 51- ^ , Si 4<HH ^13 #*Ht<3^(32H ^ ^ Aj-«.ofl^ iS 

^ *fl3 ^^^^^-(32)^ <£*-7} S^Ul ^-g- ^zj- f}ia£ ££5|]7liE 3f)Bi 

(34)oj ^^^cf. o]*, Aj-7] iseflxj^H 3ifl^(34)# ^ 4i3S. ol-g-^ ^^-i- ^1 
Sj-aj H 31*1 (36)7} a o v 7 ] aiz^^aI ^^^)#(22)* tifle|o1S 0 l-§-f-°l) 4sf ^JE 

^zKover etchH 7>^^uf. ojofl oj-e}-, £ 7<HH «M8=lfe 7l^§ ^sflol^ (<gfg o>) 7 ]- ^^jq 
^1 ^cf. ^, £ ^1 #^^^^(20), ^2^*1^(22) ^ ^12 ^^^^-(24)ol ^o. 
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3. ^, S 31*1(36)* ^^*>7l Jfltb ^z^^l ^"71 ^4^^1^(22)# aflBHS. «H 

f^-*l 6 1 , H 31*1 (36) ^^^Al ^^^^(22)^S <y*H ^efl u o v ^= 

*1 ^*fl £ 5Sf ^ H 31*1 (36)^ Et5.s|-<iJ (prof i le)°l 

£ 6-1- #2:^, £ 5<*1H e3!*i(3 6 ) 7 ]. ^Aj-g ^, ^- 7 l H31*)(36) ^-^(^, ^ 
^4 ^12 «fle|<H^.(nl£Al)ol ^^^cf. ^^cfl, *fl2 tiflii|<H^£- # 7 ) ^fll Hfl el <H ^l- 

^€ ^ ^lflcfl, Ta, TaN, TaAIN, TaSiN, TaSi 2 , Ti , TiN, TiSiN, WN, 

CO ^ CoSi 2 # *>M-S Cf^^o.^ tg^^u}, Oj-i-o] oj^nVc^ ^ 

^ ^ej ^#iL3. 53^1 «>^^l-cf. ol s^c])^ A1> Pt(Platinum), 

Pd(Palladium), Ru(Rubidium) , StCStront ium) , Rh(Rhadium) ^ Co ir o|j=l<>|;*i ^g- 

^5L 91^-. #7] ^Hfl^i(38)^ xd^SL^- ^* °l-§-^^ ^ 

o] f2[|AS^ ^^^cf. o)^-, CMP «o v ^^r °l-§-t!- ^-i- ^1*H ^31*17} ofl^s] 

tf^ojM A|^*V ^ i£tgo| 7 ]^^ AHb Kg. yj-B}-^ ^aH*^ ^-^o.^. 7^ £152°. 

th £ 7l# £-o)o} f^-oj ^§-7>e(-^ 7] A}aJ-o} iflofl 

^ ^^1^]7> 7^^ ol§|]^- ^ ol^ ^ol4. 
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[4ij.^^<H] 
1] 

tf^lb ^t-°] ^1; 

(c) -#71 ^^*o] nfl^s^- ^ #ein7> ^1; 

(d) #-i?-°fl ^U-^l^- ^ *fl3 ^tM^^I ^V^o.s. #7fl; 

*\S. o)-g-^H ^71 *fl2 ^7i^<a^ E 31*17} ^^Sl^ g 

(f) ^"71 J=31*l7} nfl^^l^ ^taflA}ol ^£ji=. i^>^ ^7>^ ^ 



2] 

*n i 5a°H, 

A o V 7l ^^^]#^r SiC, SiN S^r SiONAS ^^S)^- #5.^ 4i7>^ ^HflAj ^ ^ 



3] 

*)1 l ^^^i, 
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*fll ^ A}2 #*Fi<£^-£- BPSG, PSG, USG ^ FSG5. ^^sj^uf, SiO S^r Si0 2 °fl 



m^ty 4] 

^1 1 91°]^, 

#7j (b) ^^oflAi ^-7] ^z]-^£- C x H y F z (x,y,z^ 0 Stt 7><^^)7>>i# ^ ^7}^S 

a>-§-^, 0 2> N 2 , SF 6 , Ar He^ 71^1 Qx} ^-^>* ^7>7>^5. *V 

51*11 ^7>£] ^Hfl^l ^^ y o V ^. 
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[S. 5] 

36 
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